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Abstract: Large morpho-anatomical and biochemical variability was evidenced in all Lonicera caerulea L. provenances. The knowledge
of chromosome constitution is of basic importance in this context of elevated phenotype heterogeneity and represents a necessary
step in breeding programs. The Romanian selections are tetraploid (2n = 4x = 36). Chromosomes are small-sized (<3.5 µm), and
lengths of haploid complements are close (28.97–29.05 µm). Only the Lc-SL15 complement is larger (33.89 µm), possibly due to lower
chromatin condensation. Karyotypes contain metacentric (85%–100%) and submetacentric chromosomes. According to asymmetry
indexes (AsI% = 55.01–59.89, TF% = 40.13–44.98, A1 = 0.17–0.29, A2 = 0.23–0.30) and to Stebbins’ classification, the karyotypes fall
into 1B and 2B categories, considered relatively symmetric and primitive in this system. In the idiogram constructed on average values
of cytogenetic parameters of all analyzed selections, the mean chromosome length is –x ± SE = 1.66 ± 0.07 µm, ranging from 2.73 ± 0.20
to 1.10 ± 0.02 µm. The mean relative length is between 9.05 ± 0.30 and 3.70 ± 0.12. One submetacentric chromosome pair is present. As
a result, the general karyotype formula is K(2n) = 36 = 34 m + 2 sm.
Key words: Blue honeysuckle, idiogram, karyotype, Lonicera caerulea, symmetry/asymmetry indexes

1. Introduction
The genus Lonicera (family Caprifoliaceae) has about
200 species of deciduous shrubs distributed all over
the world, characterized by high genetic variation and
known for edible, medicinal, and ornamental value (1). It
seems that the center of Lonicera’s origin is central China
(2). Different authors recognize 1–17 species of edible
honeysuckle, included in section Caerulea Red. (3). With
complex morpho-anatomical, biochemical, and genetic
studies, it has been stated that Eurasian Lonicera resources
are represented by 4 species, 3 diploid (L. edulis Turcz. ex
Freyn, L. boczkarnikowae Plekh., L. iliensis Pojark) and 1
tetraploid (L. caerulea), although in the natural populations
of this last cited species, both diploid (2n = 2x = 18) and
tetraploid (2n = 4x = 36) forms have been identified (1,2,4).
Only L. caerulea, native to the northern temperate zone,
especially Siberia, northern China, and northern Japan
(5), has been domesticated. This is a polymorphic species
showing increased tolerance to extreme low temperatures,
and numerous analytical investigations conducted on
berries’ constituents and on species requirements have
concluded that edible blue honeysuckle has potential as a
commercial berry crop, especially for northern latitudes
(4).
* Correspondence: trutaelena@yahoo.com
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In order to discriminate between taxa with different
geographical origins and to clarify the interspecific
phylogenetic relationships, several studies of molecular
genetics have been conducted on Lonicera species, mainly
consisting of analysis of restriction fragment length
polymorphism (RFLP) markers (6,7), random amplified
polymorphic DNA (RAPD) markers (8,9), the internal
transcribed spacer (ITS) of the nuclear ribosomal DNA
loci (10), or chloroplast DNA noncoding regions (7,11).
Despite molecular approaches, the taxonomic limits are
not definitely established and some researchers indicate
that the phylogeny in family Caprifoliaceae and the
monophyly of genus Lonicera remain uncertain and need
to be reevaluated (1,7). Even in 2011, on the basis of new
taxonomical studies and recent nuclear and chloroplast
sequence-based phylogenetic investigations, a group was
extracted from genus Lonicera L. and described as a new
genus, Devendraea Pusalkar (Caprifoliaceae) (12).
In Russia, China, and Japan, blue honeysuckle has long
been known for its edible berries with positive effects on
human health (13), but only recently has this species been
introduced in North America (14). Numerous studies
are dedicated to the study of blue honeysuckle complex
biochemical constitution (3,15,16), which determines
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the edible values and health benefits of this plant. The
multiple therapeutic effects of Lonicera berries consist
of reducing blood pressure, decreasing the risk of heart
attack, preventing osteoporosis and anemia, preventing
hyperactivity in children, providing curative effects for
malaria and gastrointestinal disorders, and slowing the
aging process (4,15,17). The high antioxidant action
conferred by anthocyanins allows good protection against
a number of chronic conditions like diabetes mellitus,
cardiovascular and neurodegenerative diseases, and even
cancer (13,18). Blue honeysuckle berries are also important
sources of phenolics (4), vitamin C (45–93 mg%) (5), and
minerals (K, Mg, P, Ca) (17). The biochemical composition
of Lonicera fruits is strongly affected by environmental
conditions, harvest date, and genotype (19).
The phenotype and genotype studies have revealed a
very large variation in the morphological, biochemical, and
cytogenetic profile in all provenances, including Romanian
varieties. The knowledge of genetic constitution is of basic
importance in the context of this extremely large phenotype
heterogeneity. The establishment of chromosome number,
construction of karyotype, and identification of polyploid
state can be analyzed in relation to respective phenotypes
and can offer an optimum trend in selection activity. To
reach their full impact, it is essential that the new exciting
molecular findings be fully integrated with the traditional
cytogenetic data (20).
In Romania, where blue honeysuckle berries are less
known to consumers but where its bioactive constituents
are included in some drugs based on natural extracts,
L. caerulea L. var. kamtschatica (Sevast.) Pojark. was
introduced 3 decades ago from northern Russia. The
material was then subjected to breeding and selection
work in order to increase the phenotype variability
and to select and perpetuate the genotypes that have
optimized ecological and bioproductive traits and that
show good adaptability to the conditions of Romania,
with perspectives to be extended in culture, especially in
disadvantaged rural areas (21–23). In natural populations
of L. caerulea, diploid and tetraploid forms have been
observed (1,2,4,24–26), but up to the present cytogenetic

studies concerning the chromosome constitution of
Romanian resources do not exist.
For these reasons, the main objectives of this work
were the establishment of somatic chromosome number,
the analysis of the morphological features of mitotic
chromosomes, the construction of karyotypes and
an idiogram for Romanian blue honeysuckle, and the
evaluation of karyotype symmetry level.
2. Materials and methods
2.1. Plant material and squash preparation
The cytogenetic investigations were conducted on root tip
meristems of seedlings issued from germination of seeds
belonging to selections of L. caerulea L. var. kamtschatica
(Sevast.) Pojark., noted as Lc-M1, Lc-SL15, Lc-SL17, and
Lc-SL32. Plant material originated in plantations situated
in experimental fields of the Small Berry Department of
the Research Institute for Fruit Growing, Maracineni,
Arges, situated in the central southern region of Romania
(44°51′N, 24°54′E). The selected genotypes were obtained
by open pollination and then retained to be homologated
as cultivars with optimized edible and pharmaceutical
traits. The berries were collected at full ripeness. The pulp
was immediately removed and the seeds were dried at
room temperature before being processed for cytogenetic
tests.
A total of 293 metaphases were scored in order to
establish the somatic chromosome number in plant
material (Lc-M1, 87 metaphases from 8 genotypes; LcSL15, 67 metaphases from 7 genotypes; Lc-SL17, 70
metaphases from 6 genotypes; Lc-SL32, 69 metaphases
from 7 genotypes). Because of the difficulties encountered
in the processing of plant material and the small size of the
chromosomes, 5 metaphases (n = 5) with well-spread and
optimally condensed chromosomes were measured for
chromosome length and the other cytogenetic parameters
in order to construct the karyotypes (mean values are
included in Tables 1 and 2).
Seed germination was induced at 23 °C in the dark, on
moist filter paper in glass petri dishes. The root tips (10–15
mm in length) were pretreated with 8-hydroxyquinoline

Table 1. Mean values (x– ± SE) of length of haploid complement (LHC), chromosome length (CL), long arm length (L), short arm length
(S), and arm ratio (r) in karyotypes of Lonicera caerulea selections.
Selection

LHC (µm)

CL (µm)

range (µm)

L (µm)

S (µm)

r

Lc-M1

28.97 ± 0.44

1.60 ± 0.08

1.09–2.42

0.94 ± 0.05

0.67 ± 0.03

1.41 ± 0.07

Lc-SL15

33.89 ± 0.87

1.88 ± 0.12

1.11–3.36

1.12 ± 0.09

0.75 ± 0.03

1.48 ± 0.07

Lc-SL17

29.05 ± 0.88

1.61 ± 0.09

1.14–2.74

0.88 ± 0.06

0.72 ± 0.03

1.21 ± 0.02

Lc-SL32

28.00 ± 0.92

1.55 ± 0.11

1.04–2.50

0.85 ± 0.06

0.69 ± 0.04

1.21 ± 0.02
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Table 2. Karyotype formulae and asymmetry indexes in karyotypes of Lonicera caerulea L. selections (CI = centromeric index, R = ratio
of the longest to the shortest chromosome pair, AsI% = asymmetry index, TF% = total form percent, A1 = intrachromosomal asymmetry
index, A2 = interchromosomal asymmetry index).
Selection

Karyotype formula

CI%
(x– ±SE)

AsI%

TF%

A1

A2

Stebbins class

Lc-M1

2n = 4x = 36 = 34m + 2sm

42.00 ± 1.00

2.20

58.41

41.69

0.27

0.23

2B

Lc-SL15

2n = 4x = 36 = 30m + 6sm

40.87 ± 1.10

2.90

59.89

40.13

0.29

0.27

2B

Lc-SL17

2n = 4x = 36 = 36m

45.36 ± 0.05

2.38

55.07

44.88

0.17

0.26

1B

Lc-SL32

2n = 4x = 36 = 36m

45.12 ± 0.44

2.35

55.01

44.98

0.18

0.30

1B

(0.002 mol/L) for 4 h, and then fixed in ethanol/acetic
acid (3:1) for 24 h at room temperature. For cytogenetic
analysis, the root tips previously stored in 70% alcohol
at 4 °C were hydrolyzed in 50% hydrochloric acid and
stained in modified carbol–fuchsin solution. Microscopic
investigation was carried out with a Nikon Eclipse
600 microscope and the metaphases with well-spread
chromosomes were photographed with Cool Pix Nikon
digital camera, 1600 × 1200 dpi, 100× objective. The
chromosome metric determinations, the organization
of chromosomes in karyotypes, and the diagrammatic
representation of chromosome traits in idiogram were
conducted using the Adobe Photoshop CS-3 software
package.
2.2. Karyotype construction
Chromosome measurements included absolute length of
individual chromosomes (CL), long arm length (L), short
arm length (S), arm ratio (r = L/S), centromeric index (CI
= 100 × S/CL), length of the haploid complement (LHC),
and the relative length of each chromosome (expressed as
a percentage of the absolute length of each chromosome
pair out of the length of the haploid complement: RL =
CL/LHC × 100).
Chromosome designation followed Levan’s terminology
(27), and the homology was assigned according to
similarities in length, morphology, and centromere
position, respectively, on the basis of CI and r values. Thus,
the chromosomes are metacentric when they have a mean
arm ratio of up to 1.7 and CI = 37.5–50.0, submetacentric
(r = 1.70–2.99, CI = 25.0–37.5), subtelocentric (r = 3.00–
6.99, CI = 12.5–25.0), or telocentric (r = 7.00 and above,
CI < 12.5). In karyotypes, the chromosome pairs were
grouped in descending order of their length.
2.3. Karyotype symmetry/asymmetry
To evaluate the karyotype symmetry/asymmetry, the
following indexes were analyzed: TF%, AsI%, A1, A2, and
Stebbins indicators (28).
The AsI% index (synonymous with AsK%) (29,30)
represents the ratio of the sum of the long arm lengths
of individual chromosomes to the haploid complement
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length:
AsI% = (∑ long arms/haploid complement length) ×
100.
The total form percent (TF%) is expressed by the
ratio of the total sum of short arm lengths of individual
chromosomes to the haploid complement length (31):
TF% = (∑ short arms/haploid complement length) ×
100.
The intrachromosomal asymmetry index (A1) and the
interchromosomal asymmetry index (A2) were calculated
according to the following formulae (30,32):
A1 = 1 – [∑(b/B)/n], where b and B are the mean lengths
of short and long arms of each pair of homologues, and
n is the number of homologues. It measures the average
position of the centromere in karyotype and ranges from 0
(completely symmetrical) to 1 (completely asymmetrical).
A2 = SCL/XCL, where SCL is the standard deviation of
chromosome length and XCL is the mean chromosome
length for each genotype. It is defined as a coefficient to
evaluate the heterogeneity of chromosome length.
Stebbins’ indicators (1971), based on the proportion
of chromosomes with arm ratio (r) higher than 2 and
on the ratio between the lengths of the longest and the
shortest chromosome pair in the complement (R), were
employed to establish the karyotype symmetry classes.
The asymmetry increases from type 1 to type 4 (as the
proportion of chromosomes with r > 2 increases) and from
type A to type C (in relation to the ratio between the size of
the largest and the smallest chromosome pair).
2.4. Idiogram construction
An idiogram was drawn based on the average of the mean
values calculated for the karyotypes of the 4 analyzed
selections (Table 3). Short arms of the chromosomes were
placed above the imaginary line representing centromere
position. For each parameter, the mean and the standard
error of the mean (x– ± SE) were calculated.
3. Results
The small size of the chromosomes and the low occurrence
of well-spread chromosomes in metaphase plates often
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– ± SE) of cytogenetic parameters of Romanian blue honeysuckle selections utilized for idiogram construction
Table 3. Average values (x
(CL = chromosome length, L = long arm length, S = short arm length, r = arm ratio (L/S), CI = centromeric index, RL = relative length).
Pair

Type

CL

L

S

r

CI%

RL%

I

sm

2.73 ± 0.20

1.71 ± 0.22

1.02 ± 0.03

1.70 ± 0.28

38.09 ± 3.20

9.05 ± 0.30

II

m

2.45 ± 0.14

1.43 ± 0.14

1.01 ± 0.02

1.40 ± 0.13

41.95 ± 2.21

8.16 ± 0.19

III

m

2.14 ± 0.02

1.25 ± 0.02

0.89 ± 0.02

1.41 ± 0.05

41.51 ± 0.91

7.20 ± 0.33

IV

m

2.04 ± 0.07

1.20 ± 0.04

0.83 ± 0.11

1.58 ± 0.35

40.55 ± 4.41

6.83 ± 0.36

V

m

1.89 ± 0.08

1.09 ± 0.04

0.80 ± 0.04

1.36 ± 0.08

42.38 ± 1.89

6.33 ± 0.27

VI

m

1.74 ± 0.07

0.99 ± 0.07

0.75 ± 0.01

1.33 ± 0.10

43.20 ± 1.86

5.82 ± 0.04

VII

m

1.68 ± 0.08

0.92 ± 0.04

0.75 ± 0.04

1.23 ± 0.04

44.72 ± 0.87

5.58 ± 0.09

VIII

m

1.65 ± 0.08

0.90 ± 0.04

0.74 ± 0.03

1.21 ± 0.01

45.26 ± 0.15

5.53 ± 0.09

IX

m

1.57 ± 0.07

0.91 ± 0.09

0.65 ± 0.01

1.41 ± 0.17

42.09 ± 2.72

5.24 ± 0.07

X

m

1.55 ± 0.08

0.87 ± 0.06

0.66 ± 0.01

1.30 ± 0.07

43.53 ± 1.43

5.10 ± 0.08

XI

m

1.46 ± 0.09

0.83 ± 0.08

0.63 ± 0.02

1.30 ± 0.11

43.73 ± 2.17

4.89 ± 0.11

XII

m

1.43 ± 0.09

0.80 ± 0.05

0.63 ± 0.03

1.26 ± 0.04

44.22 ± 0.91

4.78 ± 0.09

XIII

m

1.41 ± 0.09

0.75 ± 0.06

0.64 ± 0.04

1.16 ± 0.03

46.24 ± 0.84

4.67 ± 0.09

XIV

m

1.36 ± 0.08

0.77 ± 0.06

0.59 ± 0.03

1.31 ± 0.06

43.30 ± 1.46

4.53 ± 0.08

XV

m

1.29 ± 0.06

0.72 ± 0.04

0.57 ± 0.02

1.26 ± 0.05

44.30 ± 1.14

4.32 ± 0.07

XVI

m

1.25 ± 0.06

0.67 ± 0.04

0.57 ± 0.02

1.18 ± 0.06

45.81 ± 1.28

4.18 ± 0.10

XVII

m

1.20 ± 0.05

0.66 ± 0.02

0.54 ± 0.03

1.21 ± 0.05

45.22 ± 1.11

4.00 ± 0.06

XVIII

m

1.10 ± 0.02

0.62 ± 0.03

0.48 ± 0.01

1.29 ± 0.11

43.95 ± 1.26

3.70 ± 0.12

hampered the cytogenetic investigations. It was somewhat
difficult to exactly establish the centromere position,
especially for chromosomes smaller than 2 µm where few
details are distinguishable. In all analyzed karyotypes,
more than 70% of chromosomes are of less than 2 µm
in length. The base chromosome number in the genus
Lonicera is recognized as x = 9, and so the formula in
somatic cells of root tip meristems of our material is 2n
= 4x = 36. The major part of the studied material was
tetraploid, but in some genotypes of blue honeysuckle,
mixoploidy was present. For example, in genotype 6
of the Lc-M1 selection, both tetraploid cells (2n = 4x =
36), numerically predominant, and octoploid cells (2n
= 8x = 72) (Figure 1) were evidenced. As a preliminary
observation, in the analyzed material the ratio between 4x
and 8x cells was smaller in Lc-SL15 and higher in Lc-SL17
and Lc-SL32. The coexistence in the same tissue of cells
exhibiting different chromosome numbers is frequent in
polyploid plants with small chromosomes, as happens with
Lonicera, and this state is generally considered to confer an
increased adaptive response to unfavorable environmental
conditions.
The absolute length of individual chromosomes varies
between 3.31 µm (the longest chromosome in Lc-SL15)

and 1.05 µm (the shortest chromosome in Lc-SL32), with
the mean chromosome length/complements showing 1.55
± 0.11 µm (Lc-SL32), 1.60 ± 0.08 µm (Lc-M1), 1.61 ± 0.09
µm (Lc-SL17), and 1.88 ± 0.12 µm (Lc-SL15). As a result,
the lengths of haploid complements are close (from 28.00 ±
0.92 to 29.05 ± 0.88 µm); only the Lc-SL15 complement is
larger (33.89 ± 0.87 µm), possibly due to lower chromatin
condensation in the analyzed metaphases.
Among the studied material, the karyotype morphology
is rather homogeneous (Table 1, Figure 2). Arm ratio and
centromeric index mean values allowed chromosome
classification in 2 morphotypes: metacentric (m) and
submetacentric (sm). Mean arm ratio/karyotype is 1.21–
1.48, with 1 individual chromosome pair in Lc-M1 and 3
pairs in Lc-SL15 exceeding the limit of 1.70, beyond which
the chromosomes are included in the submetacentric type.
In similar terms, average values of centromeric index/
karyotype are within Levan’s interval of 37.5%–50.0%
comprising metacentric chromosomes, and only the above
specified cases from Lc-M1 and Lc-SL15 selections are
included in the interval of 25.0%–37.5. Karyotype formulae
of the chromosome complements are K(2n) = 36m for
genotypes belonging to Lc-SL17 and Lc-SL32 selections,
which have only metacentric chromosomes; K(2n) = 36 =
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10 µm

a

10 µm

b

Figure 1. Prometaphase (a) and metaphase (b) with respectively tetraploid (2n = 4x = 36) and octoploid (2n =
8x = 72) chromosome number in genotype 6 from Lc-M1 selection.

idiogram construction (Table 3, Figure 3). Therefore, the
mean chromosome length is –x ± SE = 1.66 ± 0.07 µm, with
a range of variation from 1.10 ± 0.02 µm to 2.73 ± 0.20
µm and the mean relative length varying between 9.05 ±
0.30 (pair I) and 3.70 ± 0.12 (pair XVIII). In idiogram,
the average data established only one submetacentric
chromosome pair (I). As a result, the general karyotype
formula is K(2n) = 36 = 34m + 2sm.

34m + 2sm for Lc-M1; and K(2n) = 36 = 30m + 6sm for
Lc-SL15. The numerical predominance of small m and sm
chromosomes is only one criterion in defining karyotype
symmetry. The analysis of karyotype asymmetry indicated
moderate intraspecific uniformity for all specific variables
(Table 2).
The average values of the cytogenetic parameters
calculated for the 4 selections constituted the basis for

10 µm
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Figure 2. Karyotypes in selections of Lonicera caerulea (2n = 4x = 36): a) Lc-M1, b) Lc-SL15, c) Lc-SL17, d) Lc-SL32.
Bars = 10 µm.
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Figure 3. Idiogram of Lonicera caerulea L. Bars represent the
standard errors of the mean lengths of long and short arms.

4. Discussion
In spite of considerable number of the studies conducted
on morphology, biochemical pattern, distribution,
taxonomy, chromosome numbers, and, in last decade,
molecular markers, some obscurity still exists concerning
origin and phylogenetic relationships in the genus
Lonicera (8,25,26,33), and any new information inclusively
provided by these classical cytogenetic investigations may
contribute to the enrichment of the knowledge basis
needed in deciphering yet unsolved aspects in domain
and to the design of efficient breeding programs of blue
honeysuckle.
In Lonicera it is accepted that x = 9 (24,34–36),
the opinion being that this genus includes forms that
constitute a series of multiples of 9 without exception (37).
Based on this, the value 2n = 36 identified in our plant
material represents the tetraploid state. The tetraploidy in
L. caerulea was previously mentioned for Russian varieties
of blue honeysuckle (2). Some authors have stated that
“polyploidy seems to have played a minor role in speciation
within the genus; only a limited number of wild species are
known to be tetraploids or hexaploids” (35). Since then,
however, several polyploid taxa have been reported in the
genus Lonicera. Probably the polyploidization played an
important role in the genus evolution and conferred to the
species an increased adaptability to variable environmental
conditions (2,24–26,33,34,38–41). The presumed
allopolyploid nature of Lonicera tetraploid species is
supported by allozyme patterns and chromosome pairings
observed during meiosis (9,24,25,42). Triploids have not
been identified, probably because of the low success of
seed production and the reduced survival rate of triploid
seedlings (26), although the species L. henryi Hemsl. and
L. periclymenum L. have been reported as being hexaploid
(35,39).
In the analyzed Romanian resources of blue
honeysuckle, relatively small differences were detected
in the size of chromosomes and length of haploid

complements. The chromosomes are small-sized: all of
them are less than 3.5 µm (70% are less than 2 µm). The
small size of chromosomes (1.2–3.0 µm) was also evidenced
in other Lonicera species (33,35); in L. caerulea diploid
varieties, different limits of variability were established for
this parameter: 1.0–3.0 µm (25) or 1.0–5.0 µm (43). As
Figure 1 shows, in 4x cells the chromosomes are smaller
than those found in cells with more chromosome sets,
and this situation is in accordance with the previous data
reported in the literature. Thus, in L. japonica, the limits of
variability for total chromosome length range from 1.40 ±
0.29 to 3.00 ± 0.75 µm in diploid varieties and from 1.20 ±
0.24 to 2.30 ± 0.31 µm in the tetraploid ones (33). In our
research, the presence of satellites was not observed, but
other authors found one satellited pair in Russian diploid
varieties of L. caerulea (43).
The present work revealed interkaryotype similarities in
chromosome morphology, only metacentric (numerically
prevalent) and submetacentric chromosomes being
identified. Karyotypes belonging to Lc-SL17 and Lc-SL32
selections have exclusively metacentric chromosomes; in
the other 2 selections, the submetacentrics are present,
but in small proportions (1 pair for Lc-M1, 3 pairs for LcSL15). In the literature the presence of telocentrics was
observed, their number (1–3 pairs) depending on species,
variety, and ploidy level (25,33,35,43). The karyological
state in the genus Lonicera is additionally complicated
by the presence of B chromosomes, evidenced in somatic
cells of L. altaica Pall. and L. edulis (Turcz. ex Herder)
Turcz. ex Freyn (44). Depending on geographical origin,
some intraspecific karyotype variation was observed
in the frequency of chromosome morphotypes and the
presence and number of satellites. The karyotype formula
of L. japonica var. japonica diploids is K(2n) = 18 = 2m +
14sm(2SAT) + 2st (33), but the diploid Chinese varieties
of L. japonica have been reported as having K(2n) = 18
= 2m + 14sm(3SAT) + 2st(2SAT) (45), and K(2n) = 18 =
6m + 10sm + 2st, with no satellite chromosomes (46). In
L. japonica var. miyagusukiana, the Japanese tetraploids
show K(2n) = 36 = 4m +28sm(2SAT) + 4st (33), while the
Chinese tetraploids have K(2n) = 36 = 24m(4SAT) + 10sm
+ 2st (40).
Regarding
the
symmetry/asymmetry
degree,
comparative interkaryotype analysis established that,
although the differences are small, karyotypes of Lc-M1
and Lc-SL15 selections are more asymmetrical because
they have the highest AsI%, the lowest TF%, and R > 2,
and they contain chromosomes with arm ratio > 2. A
more marked tendency towards asymmetrization is visible
in Lc-SL15, which exhibits 3 pairs of submetacentrics in
the chromosome set, but 4 other pairs also have an arm
ratio ranging between 1.50 and 1.63, namely close to the
1.70 limit beyond which the chromosomes are classified as
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submetacentric. The R parameter was over 2.0 (2.20–2.90)
in all selections, and only a low proportion of chromosomes
(0.00%–5.55%) showed arm ratio > 2:1. Based on these
results and according to Stebbins’s classification, the
karyotypes fall into 1B and 2B categories, considered
relatively primitive in this system.
Although little variation exists among the karyotypes
of the studied selections, some previous assays evidenced
differences in biochemical phenotypes. Thus, Lc-SL15,
with the most asymmetrical karyotype, and Lc-SL17
exhibited the highest anthocyanin levels (more than 500
mg%), whereas in the berries of the Lc-SL32 selection the
anthocyanin content was only 375 mg% (23). Karyotype
resemblance is not surprising because the varieties are low
taxonomic levels, a fact implying only small differences
between them. The differences in biochemical phenotypes
could prove that the genetic changes have occurred at the
subchromosomal level.
In the literature, the classes of symmetry are always A
or B; namely, the karyotypes in the species of the genus
Lonicera are more or less symmetrical and relatively little
evolved on a scale based on chromosome morphotypes,
presence and number of satellites, and proportion of
chromosome types (33,45,47–49).
Karyotypes with chromosomes smaller than 4 µm and
predominantly of the metacentric and submetacentric types
are considered to be primitive and little evolved, because
they have not supported significant genetic restructuration
and rearrangements during evolution (28,30,50,51).
The tendency toward karyotype asymmetrization by the
increase of the number of telocentric chromosomes in
spite of those of metacentric and submetacentric types
represents a progressive step in karyotype evolution and
has repercussions on species evolution (28). Taking into
account the previous considerations and based on the

results of our research, the selections of blue honeysuckle
have symmetrical and relatively few evolved karyotypes.
Until now, some differences in chromosome size,
satellite number, and telomeres evidenced in tetraploid
plants of Russian blue honeysuckle have been confirmed
at the molecular level by changes in the relative DNA
content, caused by activation of transposons, homologous
recombination, or elimination of specific DNA sequences
(25,26). Because DNA changes are in relation to ecogeographic fluctuations, it is possible that they represent
an adaptive response and may also constitute an incipient
speciation (26). However, additional molecular assays are
required in order to realize the distinction between closely
related groups and to elucidate when and how the changes
at the genome level took place.
This first classical cytogenetic approach to blue
honeysuckle resources from Romania must be completed
with further thoroughgoing advanced studies dedicated to
the identification of specific molecular markers allowing
the unequivocal pairing of small-sized chromosomes
or correlated in a reliable manner with desired valuable
phenotype traits, thus ensuring solid support for efficient
and modern breeding programs of blue honeysuckle,
although relatively recent studies conducted on several
species (52,53) have demonstrated that even relationships
established on molecular markers are not always accurately
in agreement with the phenotype reality (54–56).
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